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Readout for a 64 x 64 Pixel Matrix with 15-bit Single Photon Counting* 

M. Campbell, E. H. M. Heijne, G. Meddeler\ E. Pernigotti 2 , W. Snoeys. 
CERN 1211 Geneva 23, Switzerland, 



Abstract 

A single Photon Counting pixel detector readout Chip 
(PCC) has been derived from previous work in the CERN 
RD19 collaboration for particle physics tracking devices, 
recently developed for high energy physics experiments. The 
readout chip is a 64 x 64 matrix of identical 170|xm x 170um 
cells. It is to be bump-bonded to an equally segmented 1 cm 3 
matrix of semiconductor sensors, e.g. Si or GaAs. Each 
readout cell comprises a preamplifier, a discriminator and a 
15-bit counter. Tht input noise is 170 e- rms. At the lowest 
nominal threshold of 1 400 e- (5.1 keV in Si) the cells exhibit 
a threshold distribution with a spread before adjustment of 
350 e- rms. Each cell has a 5-bit register which allows 
masking, test-enable and 3-bit individual threshold adjust. 
After adjustment the threshold spread is reduced to 80 e- rms. 
Absolute calibration of the electrically measured equivalent 
charge can be done once the readout chip is bump-bonded to 
a detector. 



I. Introduction 

Hybrid pixel detectors have evolved rapidly in the field of 
high energy physics. In particular the RD19 collaboration at 
CERN has developed 3 generations of pixel readout chips 
[l][2][3][4]starting with the 'LAA* prototype chipfl] with 
9 x 12 pixels and culminating in the recent LHCl/0mega3 
chip which contains 2 032 pixels in an array of 16 x 127(4]. 
In the last two generations large multi-chip systems have 
been deployed successfully in high energy physics 
experiments. All throughout these developments y-ray 
sources have been used as a means of calibrating the input 
charge and hence the threshold of the individual pixels. 
Clearly such devices could be used for y-ray imaging and in 
several studies the potential for single particle counting pixel 
detectors with Si or GaAs has been put in «vidence[5][6][7]. 
There were a number of limitations to the use of these 
devices for imaging. The readout architecture implemented 
in the pixel cells is tuned to the high energy physics 
environment, delaying the detected signals and requiring an 




Figure 1: A block diagram of the pixel cell. 



"This chip was developed as pan of the Medipix project, a common development between CERN, University of Freiburg, University of 
Glasgow and INFN, Pisa (see Acknowledgments) 

' Now with Nikhef, Amsterdam, The Netherlands and UC Santa Crui. : Now with INFN, Pisa, Italy. ' 
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Figure 3: The distribution of thresholds on the chip. The mean 
threshold is around 15 mV corresponding to 1400e-. The 
variation is 350 e- rms prior to adjustment and 80 e- rms after 
adjustment. 

counting rate per pixel. Pixels could be pulsed at a rate of up 
to 2 MHz without loss of counts. A further test was carried 
out on the imaging capabilities of one chip. The average 
threshold was fixed at 2 250 e- without any local threshold 
adjustment All of the pixels were unmasked and a test 
pattern of the CERN logo was introduced. With an open 
shutter time of 500 ms the chip was pulsed 1 000 times with 
an input signal of 3 300 e-. The result is shown in Figure 4. 
Noise in the pixels was negligible. 

V, CONCLUSIONS AND FURTHER WORK 
A 4 096 cell pixel readout chip has been presented which 
when bump-bonded to a detector can be used for imaging v- 
ray photons and other panicles. The threshold of each pixel 
can be adjusted individually. Wafer probing is being 
performed at present for selection of Known Good Die prior 
to bump-bonding. The chip will be bump-bonded to both Si 
and GaAs detectors. Adoption of sub-micron CMOS 
technologies will allow to obtain similar or better 
performance within a smaller pixel size as well as a variety 
of additional features depending on the specific application. 
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Figure 4: Results of a data acquisition using a (est pattern 
corresponding to the CERN logo. This chip was pulsed I 000 limes. 
Only one noisy pixel is perceptible. 
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